Cardiovascular safety of tyrosine kinase inhibitors: with a special focus on cardiac repolarisation (QT interval).
The development of tyrosine kinase inhibitors (TKI) represents a major milestone in oncology. However, their use has been found to be associated with serious toxicities that impinge on various vital organs including the heart. Sixteen TKIs have been approved for use in oncology as of 30 September 2012, and a large number of others are in development or under regulatory review. Cardiovascular safety of medicinal products is a major public health issue that has concerned all the stakeholders. This review focuses on three specific cardiovascular safety aspects of TKIs, namely their propensity to induce QT interval prolongation, left ventricular (LV) dysfunction and hypertension (both systemic and pulmonary). Analyses of information in drug labels, the data submitted to the regulatory authorities and the published literature show that a number of TKIs are associated with these undesirable effects. Whereas LV dysfunction and systemic hypertension are on-target effects related to the inhibition of ligand-related signalling pathways, QT interval prolongation appears to be an off-target class III electrophysiologic effect, possibly related to the presence of a fluorine-based pharmacophore. If not adequately managed, these cardiovascular effects significantly increase the morbidity and mortality in a population already at high risk. Hitherto, the QT effect of most QT-prolonging TKIs (except lapatinib, nilotinib, sunitinib and vandetanib) is relatively mild at clinical doses and has not led to appreciable morbidity clinically. In contrast, LV dysfunction and untreated hypertension have resulted in significant morbidity. Inevitably, dilemmas arise in determining the risk/benefit of a TKI therapy in an individual patient who develops any of these effects following the treatment of the TKI-sensitive cancer. QT interval prolongation, hypertension and LV dysfunction can be managed effectively by using reliable methods of measurement and careful monitoring of patients whose clinical management requires optimisation by a close collaboration between an oncologist and a cardiologist, an evolving subspecialty referred to as cardio-oncology. Despite their potential adverse clinical impact, the effects of TKIs on hypertension and LV function are generally inadequately characterised during their development. As has been the case with QT liability of drugs, there is now a persuasive case for a regulatory requirement to study TKIs systematically for these effects. Furthermore, since most of these novel drugs are studied in trials with relatively small sample sizes and approved on an expedited basis, there is also a compelling case for their effective pharmacovigilance and on-going reassessment of their risk/benefit after approval.